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1 Introduction
Microquasars are X-ray binaries with relativistic jets. The microquasar LS
5039 turned out to be the first high-energy gamma-ray microquasar candi-
date due to its likely association with the EGRET source 3EG J1824−1514
([9]). Further theoretical studies supported this association ([2]), which could
be extended to other EGRET sources ([7], [11], [3]). Very recently, [1] have
communicated the detection of the microquasar LS 5039 at TeV energies.
This fact confirms the EGRET source association and leaves no doubt about
the gamma-ray emitting nature of this object. The aim of the present work
is to show that, applying a cold-matter dominated jet model to LS 5039, we
can reproduce many of the spectral and variability features observed in this
source. Jet physics is explored, and some physical quantities are estimated
as a by-product of the performed modeling. Although at the moment only
LS 5039 has been detected on the entire electromagnetic spectrum, it does
not seem unlikely that other microquasars will show similar spectral prop-
erties. Therefore, an in-depth study of the first gamma-ray microquasar, on
theoretical grounds supported by observations, can render a useful knowledge
applicable elsewhere.
2 A cold matter dominated jet model applied to LS 5039
The jet is modeled as dynamically dominated by cold protons and radia-
tively dominated by relativistic leptons. It considers accretion according to
the orbital parameters and companion star properties, allowing for a consis-
tent orbital variability treatment. The magnetic field energy density and the
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non-thermal particle maximum energy values along the jet depend on the cold
matter energy density and the particle acceleration/energy loss balance, re-
spectively, and the amount of relativistic particles within the jet is restricted
by the efficiency of the shock to transfer energy to them. The model takes
into account the external and internal photon and matter fields, as well as
the jet magnetic field, all of them interacting with the jet relativistic particles
and producing emission from radio to very high energies. For further details
concerning the model, see [4].
The scenario for LS 5039 is that of a high-mass microquasar. It is an ec-
centric system (e=0.35) with an O7 star, likely harboring a black-hole ([6]).
Concerning the jet geometry, we have adopted typical values present in the
literature. Regarding other jet properties, for the jet to accretion rate ra-
tio, we have adopted 0.1 and, for the magnetic field, we have fixed it to 0.1
the equipartition value. To explain observations, the shock energy dissipa-
tion efficiency the acceleration efficiency have been adjusted to reasonable
suitable values (∼10% of kinetic energy radiated and efficient acceleration
with dE/dt=0.1qBc), similar to those obtained for other microquasars, SNRs,
GRBs and AGNs. The contributions from the disk and the corona have been
taken faint according to observational data.
In Fig. 1, we show photon-photon opacities due to the external photon
fields for different distances from the compact object. Although this calcu-
lation does not take into account the angular dependence of photon-photon
absorption, it shows clearly that absorption will affect the higher energy band
of the spectrum. The computed SED for LS 5039 is presented in Fig. 2. In
general, there is a good agreement between the model and the data, although
the model predicts a spectrum in radio that is slightly too hard (see [8]). Also,
in the TeV band the fluxes are slightly underpredicted. Both facts can be in-
terpreted as hints of more intense high energy processes (particle acceleration
and emission) taking place outside the binary system, since in our model radi-
ation is emitted mainly within the 100 GeV-photon absorption region within
the binary system. It is worth noting that the total jet kinetic power required
for producing a SED like the one plotted in Fig. 2 is pretty reasonable from
the energetic point of view, ∼ 2 × 1036 erg s−1. In Fig. 3, the lightcurve of
one orbital period at different energy bands is presented. Variability has been
modeled by orbital motion of the compact object through a slow asymmetric
equatorial wind from a fast rotating stellar companion ([6]). The slow equato-
rial asymmetric wind can reproduce a peak at X-rays at phase 0.2, as well as
the major peak at phase 0.8 ([5]). Moreover, at TeV energies there is a peak
also around phase 0.8, which resembles what might be marginally present in
HESS data ([6], [1]). For more details concerning the application of the model
to LS 5039, see ref. [10].
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Fig. 1. Photon-photon opacity at different jet distances.
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Fig. 2. Computed spectral energy distribution of LS 5039.
29.50
29.90
30.30
30.70
34.10
34.30
34.50
34.70
33.20
33.60
34.00
34.40
0.0 0.2 0.4 0.6 0.8 1.0
orbital phase
31.80
32.00
32.20
32.40
log
 (εL
ε 
[erg
/s])
5 GHz
5 keV
300 MeV
500 GeV
Fig. 3. Computed lightcurves of radio, X-ray and gamma-ray radiation.
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